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In a wireless communication apparatus, a first generation unit
generates first broadcast information used 1n processing of a
first-type mobile station and a second-type mobile station. A
second generation unit generates second broadcast informa-
tion used 1n processing of the second-type mobile station. A
transmission umt transmits the first broadcast information
through a first broadcast channel and transmits the second
broadcast information through a second broadcast channel. In
a mobile communications apparatus operating as the second-
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nel and the second broadcast information transmitted through
the second broadcast channel. A control unit controls com-
munication with the wireless communication apparatus using
the first and second broadcast information.
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MOBILE COMMUNICATIONS SYSTEM,
WIRELESS COMMUNICATION APPARATUS,
MOBILE COMMUNICATIONS APPARATUS,
AND WIRELESS COMMUNICATION
METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s a continuation application of Interna-

tional Application PCT/JP2010/050192, filed on Jan. 12,
2010 and designated the U.S., the entire contents of which are
incorporated herein by reference.

FIELD

The present mnvention 1s directed to a mobile communica-
tions system, a wireless communication apparatus, a mobile
communications apparatus, and a wireless communication
method.

BACKGROUND

Currently, mobile communications systems such as mobile
phone systems and wireless MANs (Metropolitan Area Net-
works) have come 1nto common use. In addition, active dis-
cussions on next generation mobile communications technol-
ogy have been continued 1n order to turther increase the speed
and capacity of wireless communication.

For example, the 3GPP (3rd Generation Partnership
Project), which 1s a standards body, has proposed a commu-
nication standard called LTE (Long Term Evolution) which
allows communication using a frequency band up to 20 MHz

(see, for example, 3GPP, “Evolved Umversal Terrestrial
Radio Access (E-UTRA) Radio Resource Control (RRC);

Protocol specification”, 3GPP TS 36.331 V9.0.0, 2009-09).
Further, a communication standard called LTE-A (LTE-Ad-
vanced) which allows communication using up to five
20-MHz carriers (that 1s, frequency bands up to 100 MHz) has
been proposed as a next generation communication standard
after the LTE standard (see, for example, 3GPP, “Feasibility
study for Further Advancements for E-UTRA (LTE-Ad-
vanced)”, 3GPP TR 36.912 V9.0.0, 2009-09).

Such a next generation mobile communications system 1s
sometimes defined as an extension from 1ts previous genera-
tion mobile communications system, rather than being
defined as something different from the previous generation
mobile communications system. In this case, 1t may be
required that base stations and relay stations complying with
the next generation communication standard maintain back-
ward compatibility to accommodate mobile stations comply-
ing with the previous generation communication standard.
For example, the above-described LTE-A has been proposed
as a communication standard extended from LTE. Accord-
ingly, base stations and relay stations complying with LTE-A
may be required to accommodate both mobile stations com-
plying with LTE and mobile stations complying with LTE-A.

Note that there 1s a proposed communication system 1n
which, when a base station transmits an dedicated control
signal to terminals under the management of the base station,
the dedicated control signal 1s transmitted using an extended
wireless resource region as an dedicated control channel (see,
for example, Japanese Laid-open Patent Publication No.
2009-218813). In addition, there 1s a proposed technique that,
in an LTE system, a base station 1s able to inhibit access from
all mobile stations by using Access Barring Information
included in a SIB (System Information Block) which 1is
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2

broadcast by a broadcast channel (see, for example, Section
6.3.1 of 3GPP, “Evolved Universal Terrestrial Radio Access

(E-UTRA) Radio Resource Control (RRC); Protocol speci-

fication”, 3GPP TS 36.331 V9.0.0, 2009-09).

It 1s sometimes the case that a wireless communication
apparatus, such as a base station and a relay station, comply-
ing with a next generation communication standard needs to
broadcast information not included 1n broadcast information
of a previous generation communication standard to cells
under the management of the wireless communication appa-
ratus. For example, while one frequency band (for example,
20 MHz) 1s used in LTE, multiple frequency bands (for
example, 20 MHzx5) may be used in LTE-A. In such a situ-
ation, 1t 1s conceivable that a base station and a relay station
complying with LTE-A need to broadcast information on the
multiple frequency bands, which 1s not broadcast in LTE.

However, it becomes a problem how the wireless commu-
nication apparatus capable of accommodating both previous
and next generation mobile stations broadcast the informa-
tion not included 1n the broadcast information of the previous
generation communication standard. Note that the above-
described problem regarding the broadcast information 1s not
limited to the case where a wireless communication apparatus
accommodates both mobile stations complying with LTE and
mobile stations complying with LTE-A, and can possibly
occur in general in the case of accommodating multiple types
of mobile stations.

SUMMARY

According to an aspect, there 1s provided a mobile com-
munications system. The system includes: a wireless com-
munication apparatus including a first generation unit config-
ured to generate first broadcast information which 1s used in
processing of a first-type mobile station and a second-type
mobile station; a second generation unit configured to gener-
ate second broadcast information which 1s used 1n processing
of the second-type mobile station; and a transmission unit
configured to transmit the first broadcast information through
a first broadcast channel and transmit the second broadcast
information through a second broadcast channel;, and a
mobile communications apparatus operating as the second-
type mobile station and 1including a reception unit configured
to recerve the first broadcast information transmaitted through
the first broadcast channel and the second broadcast informa-
tion transmitted through the second broadcast channel; and a
control unit configured to control communication with the
wireless commumnication apparatus using the recerved first
and second broadcast information.

The object and advantages of the invention will be realized
and attained by means of the elements and combinations
particularly pointed out in the claims.

It 1s to be understood that both the foregoing general
description and the following detailed description are exem-

plary and explanatory and are not restrictive of the invention.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1llustrates a mobile communications system accord-
ing to a first embodiment;

FI1G. 2 1llustrates a mobile communications system accord-
ing to a second embodiment;

FIG. 3 illustrates a configuration example of component
carriers;

FIG. 4 1llustrates a first example of carrier aggregation;

FIG. 5 illustrates a second example of the carrier aggrega-
tion;
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FIG. 6 1llustrates an example of spectrum aggregation;

FIG. 7 illustrates a relationship between mobile stations
and the component carriers;

FIG. 8 illustrates a first example of assigning component
carrier 1dentification information;

FIG. 9 1llustrates a second example of assigning the com-
ponent carrier 1dentification information;

FIG. 10 illustrates a structural example of a radio frame;

FI1G. 11 illustrates a first example of allocating an extended
physical broadcast channel;

FIG. 12 illustrates a second example of allocating the
extended physical broadcast channel;

FIG. 13 illustrates a third example of allocating the
extended physical broadcast channel;

FIG. 14 illustrates a fourth example of allocating the
extended physical broadcast channel;

FIG. 15 illustrates a fifth example of allocating the
extended physical broadcast channels;

FIG. 16 illustrates a sixth example of allocating the
extended physical broadcast channels;

FI1G. 17 1s a block diagram of a base station;

FI1G. 18 1s a block diagram of a relay station;

FI1G. 19 1s a block diagram of a mobile station;

FI1G. 201s a sequence diagram 1llustrating a first example of
setting up a connection from the mobile station to the base
station;

FIG. 21 1s a sequence diagram illustrating a second
example of setting up a connection from the mobile station to
the base station;

FIG. 22 illustrates a first example of transmission and
reception of extended broadcast information;

FIG. 23 illustrates a second example of transmission and
reception of the extended broadcast information; and

FIG. 24 illustrates a third example of transmission and
reception of the extended broadcast information.

DESCRIPTION OF EMBODIMENTS

Next, embodiments are explained 1n detail with reference
to the drawings.

First Embodiment

FI1G. 1 1llustrates a mobile communications system accord-
ing to a first embodiment. The mobile communications sys-
tem according to the first embodiment includes a wireless
communication apparatus 1 and mobile communications
apparatuses 2 and 3.

The wireless communication apparatus 1 1s capable of
performing wireless communication with first-type and sec-
ond-type mobile stations. The wireless communication appa-
ratus 1 1s, for example, a base station, or a relay station for
relaying wireless communication between a base station and
a mobile station. The mobile communications apparatus 2 1s
a second-type mobile station, and the mobile communica-
tions apparatus 3 1s a first-type mobile station. The mobile
communications apparatuses 2 and 3 are wireless terminals,
such as mobile telephones and mobile information terminals.

The wireless communication apparatus 1 includes a first
generation unit 1a, a second generation unit 15, and a trans-
mission unit 1¢. The first generation unit 1a generates first
broadcast information to be used by both first-type mobile
stations and second-type mobile stations. The second genera-
tion unit 15 generates second broadcast information that 1s
not used by first-type mobile stations but used by second-type
mobile stations. The transmission unit 1¢ transmits (broad-
casts) the first broadcast information generated by the first
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generation unit 1a through a first broadcast channel 4a. In
addition, the transmission unit 1¢ transmits (broadcasts) the
second broadcast information generated by the second gen-
eration umt 15 through a second broadcast channel 45, which
1s different from the first broadcast channel 4a.

The mobile communications apparatus 2 includes a recep-
tion unit 2a and a control unit 2b. The reception unit 2a
receives the first broadcast information transmitted from the
wireless communication apparatus 1 through the first broad-
cast channel 4a. In addition, the reception unit 2a receives the
second broadcast information transmitted through the second
broadcast channel 4b. The control unit 26 controls commu-
nication with the wireless communication apparatus 1 by
referring to both the first and second broadcast information
received by the reception unit 2a. On the other hand, the
mobile communications apparatus 3 recerves the first broad-
cast information, but does not receive the second broadcast
information. That 1s, the mobile communications apparatus 3
controls communication with the wireless communication
apparatus 1 without referring to the second broadcast infor-
mation.

Here, the wireless communication apparatus 1 may per-
form wireless communication using multiple frequency
bands. In that case, when transmitting the first broadcast
information, the wireless communication apparatus 1 may
include, 1n the first broadcast information, information to be
used to set up a connection to the wireless communication
apparatus 1 using each of the multiple frequency bands (for
example, information 1indicating a bandwidth of each of the
frequency bands). In addition, the wireless communication
apparatus 1 may include, in the second broadcast informa-
tion, information indicating the relationship between the mul-
tiple frequency bands and the types of mobile stations.

On the other hand, the mobile communications apparatus 2
may determine, among the multiple frequency bands, a fre-
quency band available for second-type mobile stations based
on the second broadcast information. Then, based on the first
broadcast information 1n terms of the frequency band deter-
mined to be available, the mobile communications apparatus
2 may set up a connection to the wireless communication
apparatus 1 using the available frequency band. The informa-
tion indicating the relationship between the multiple fre-
quency bands and the types ol mobile stations may be defined
as information having the following meanings, for example.

1) Information indicating a frequency band available for
second-type mobile stations

2) Information indicating a frequency band unavailable for
second-type mobile stations

3) Information indicating that a frequency band used to
transmit the information 1s available for second-type mobile
stations

4) Information indicating that a frequency band used to
transmit the information 1s unavailable for second-type
mobile stations

In addition, the wireless communication apparatus 1 may
attach i1dentification information to each of the multiple re-
quency bands. The identification mnformation may be used 1n
the second broadcast information to indicate the relationship
between the multiple frequency bands and the types of the
mobile stations. As the identification information, cell 1Ds
(1dentifications) or unique numbers 1n a single cell may be
used, for example. In the case where cell IDs are used as the
identification information, multiple cell IDs are assigned to
one cell. In addition, mobile stations may recognize the 1ndi-
vidual, multiple frequency bands as (virtually) different cells.

The first broadcast channel 4a 1s set, for example, with
respect to each of the multiple frequency bands. The second
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broadcast channel 45 may be set with respect to each of the
multiple frequency bands, or set for only part of the frequency
bands. In the latter case, the second broadcast channel 45 may
be set 1n a predetermined frequency band (for example, a
frequency band in the center on the frequency axis), or may be
set 1n a frequency band available for second-type mobile
stations. In addition, the second broadcast channel 456 may be
set to be adjacent to the first broadcast channel 4a 1n a wireless
resource region identified by frequency and time. In addition,
the second broadcast channel 45 may be set to be adjacent to
a synchronization channel used to transmit a synchronization
signal.

Note that the mobile communication system may be imple-
mented, for example, as an LTE-A system. In that case, a
first-type mobile station may be implemented as a mobile
station complying with LTE and a second-type mobile station
may be implemented as a mobile station complying with
LTE-A. In addition, the first broadcast channel 4¢ may be
implemented as a broadcast channel commonly defined 1n
both LTE and LTE-A and the second broadcast channel 45
may be implemented as an extended broadcast channel which
1s not defined in LTE. In addition, in LTE-A, each of the
above-described multiple frequency bands 1s sometimes
referred to as a component carrier (CC) or a carrier compo-
nent (CC).

According to such a mobile communications apparatus of
the first embodiment, the wireless communication apparatus
1 generates the first broadcast information to be used for
processing of first-type and second-type mobile stations and
the second broadcast information to be used for processing of
second-type mobile stations. The first broadcast information
1s transmitted through the first broadcast channel 4a, and the
second broadcast information 1s transmitted through the sec-
ond broadcast channel 454. In addition, the mobile communi-
cations apparatus 2 receives the first broadcast information
transmitted through the first broadcast channel 4a and the
second broadcast information transmitted through the second
broadcast channel 4b. Based on the received first and second
broadcast information, communication between the wireless
communication apparatus 1 and the mobile communications
apparatus 2 1s controlled.

That 1s, broadcast information that 1s not used (or 1s not
usable) by first-type mobile stations but used by second-type
mobile stations 1s broadcast through a broadcast channel dii-
ferent from a broadcast channel through which broadcast
information to be commonly used by first-type and second-
type mobile stations 1s broadcast. With this, 1t 1s possible to
elliciently achieve communication control in consideration of
the existence of multiple types of mobile stations.

For example, 1n the case of implementing the mobile com-
munication system as an LTE-A system, it 1s considered that
broadcast information defined 1n LTE 1s broadcast through a
conventional broadcast channel and, then, additional broad-
cast information defined in LTE-A 1s broadcast through an
extended broadcast channel. In this case, the mobile commu-
nication system allows mobile stations complying with
LTE-A to receive the additional broadcast information while
allowing mobile stations complying with LTE (i.e., mobile
stations not complying with LTE-A) to recetve conventional
broadcast information. That 1s, 1t 1s possible to achieve an
cificient LTE-A system maintaining backward compatibility.

Further, 1t 1s possible to facilitate control of wireless
resource allocation by including, in the second broadcast
information, information indicating the relationship between
the multiple frequency bands and the types of mobile stations
and broadcasting the included information. That 1s, by desig-
nating and broadcasting a frequency band desired to be used
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(or desired not to be used) by second-type mobile stations, it
1s possible to readily lead second-type mobile stations to use

a partial frequency band. In particular, 1n the case of the
LTE-A system, mobile stations complying with LTE-A are
able to use multiple frequency bands while mobile stations
complying with LTE use only one frequency band. Accord-
ingly, leading second-type mobile stations to use a partial
frequency band 1s usetul also 1n terms of improving the effi-
ciency 1n wireless resource use.

A second embodiment described below 1s directed to a case
in which the wireless communication method according to
the first embodiment 1s applied to an LTE-A system. Note
however that it 1s clear that the above-described wireless
communication method 1s applicable to other types of mobile
communications systems.

Second Embodiment

FIG. 2 1llustrates a mobile communications system accord-
ing to the second embodiment. The mobile communications
system ol the second embodiment includes a base station 100,
a relay station 200, and mobile stations 300 and 400. The
mobile communications system complies with the LTE-A
communication standard.

The base station 100 1s a wireless communication appara-
tus capable of performing wireless communication with the
mobile stations 300 and 400 either directly or via the relay
station 200. The base station 100 1s connected to a wired
upper-level network (not illustrated) and transfers data
between the upper-level network and the mobile stations 300
and 400. The base station 100 manages three cells (also some-
times referred to as the “sectors™) under its control. The base
station 100 uses five component carriers (referred to herein-
alter as the “CCs”) 1n the wireless communication.

The relay station 200 1s a wireless communication appara-
tus for relaying wireless communication between the base
station 100 and the mobile stations 300 and 400 1n the case
where the mobile stations 300 and 400 are present 1n the
managed cells. The relay station 200 1s also sometimes
referred to as the “transfer station”. For wireless communi-
cation, the relay station 200 uses the same five CCs of the
frequency bands that are used by the base station 100.

The mobile stations 300 and 400 are wireless terminals for
performing wireless communication by setting up a connec-
tion to the base station 100 or the relay station 200, and are
mobile telephones or mobile mformation terminals, for
example. The mobile station 300 1s capable of recerving data
simultaneously using up to five CCs 1n a downlink (a wireless
link from the base station 100 or the relay station 200 to the
mobile station 300) and transmitting data simultaneously
using up to two CCs 1n an uplink (a wireless link from the
mobile station 300 to the base station 100 or the relay station
200). On the other hand, the mobile station 400 transmits and
receives data using only one of the CCs in both the downlink
and uplink.

Note here that, 1n this embodiment, a mobile station which
does not use multiple CCs 1n aggregation 1s referred to as an
LTE mobile station, and a mobile station capable of using
multiple CCs in aggregation 1s referred to as an LTE-A mobile
station. The mobile station 300 1s an LTE-A mobile station,
and the mobile station 400 1s an LTE mobile station. Both
LTE-A mobile stations and LTE mobile stations can set up a
connection to the base station 100 and the relay station 200.

Note that, 1n the 3GPP, the L'TE communication standard 1s
defined 1n the 3GGP Release 8 specifications and the LTE-A
communication standard 1s defined 1n the 3GGP Release 10
specifications. Note however that not all mobile stations com-
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plying with the 3GGP Release 10 specifications are necessar-
1ly mobile stations (LTE-A mobile stations) capable of using
multiple CCs 1n aggregation. That 1s, LTE mobile stations
complying with the 3GGP Release 10 specifications may
exist. In addition, according to this embodiment, mobile sta-
tions complying with the 3GGP Release 9 specifications are
treated as L TE mobile stations, as in the case of mobile
stations complying with the 3GGP Release 8 specifications.

FIG. 3 illustrates a configuration example of component
carriers. The base station 100 and the relay station 200 use
five CCs, as 1llustrated 1n FIG. 3. In the case of using Fre-
quency Division Duplex (FDD) for bidirectional communi-
cation, frequency bands of CC#1 to CC#5 are provided indi-
vidually for the downlink (DL) and the uplink (UL). In the
tollowing description, the pairs of the DL frequency bands
and the UL frequency bands are sometimes referred to simply

as CC#1 to CC#S. For both the DL and UL, each CC has a
bandwidth of 20 MHz, and the total bandwidth 1s 100 MHz.
The base station 100 and the relay station 200 perform wire-
less resource allocation (scheduling) for each of CC#1 to
CCH#H3.

Note that, according to the example of FIG. 3, bidirectional
communication 1s achieved using FDD, however, bidirec-
tional communication may be achieved using Time Division
Duplex (TDD). In that case, five CCs are provided on the
frequency axis with no separation between the DL and UL. In
addition, all the CCs have a bandwidth of 20 MHz according
to the example of FIG. 3, however, they may have another
bandwidth (for example, S MHz, 10 MHz, or 15 MHz). Fur-
ther, 1t 1s not necessary that all the CCs have the same band-
width.

In addition, according to the example of FIG. 3, the UL
wireless resources are provided on the lower frequency side
and the DL wireless resources are provided on the higher
frequency side. By providing the UL wireless resources on
the lower frequency side, 1t 1s possible to keep the transmis-
sion power ol the mobile stations 300 and 400 low since a
signal of a lower frequency has a smaller propagation loss.
Note however that the locations of the UL wireless resources
and the DL wireless resources on the frequency axis may be
switched.

Thus, by aggregating multiple CCs among CC#1 to CC#5,
the mobile station 300 1s capable of performing data trans-

mission and reception using a wider bandwidth (for example,
40 MHz, 60 MHz, 80 MHz, or 100 MHz) than the bandwidth

of one CC (for example, 20 MHz).

Note here that all CC#1 to CC#5 may be provided 1n a
single frequency band, such as an 800 MHz band, a 2.5 GHz
band, or a 3.5 GHz band, or may be provided separately in
multiple different frequency bands. Aggregating multiple
continuous or discontinuous CCs belonging to the same fre-
quency band 1s sometimes referred to as the “carrier aggre-
gation”. On the other hand, aggregating CCs belonging to
different frequency bands 1s sometimes referred to as the
“spectrum aggregation”.

FIG. 4 1llustrates a first example of the carner aggregation.
According to the example of FIG. 4, four discontinuous bands
cach having a bandwidth of 5 MHz and three discontinuous
bands each having a bandwidth of 20 MHz are provided in the
3.5 GHz band as bands available for wireless communication.
Then, the four 5 MHz bands are aggregated to thereby form
CC#2 with a bandwidth of 20 MHz. In addition, one band
with a bandwidth of 20 MHz is defined as CC#3.

The mobile station 300 1s able to, for example, use CC#2
and CC#3 as a frequency band of 40 MHz (logically a single
frequency band) by carrier aggregation. Inthis case, in reality,
the mobile station 300 uses the four 5 MHz-bandwidth bands
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and one 20 MHz-bandwidth band belonging to the 3.5 GHz
band. Although FIG. 4 illustrates an example of frequency
bands belonging to the 3.5 GHz band, 1t 1s possible to aggre-
gate and use bands each having a frequency bandwidth
smaller than 20 MHz also 1n a different frequency band, such

as the 800 MHz band.

FIG. 5 illustrates a second example of the carner aggrega-
tion. According to the example of FIG. 5, a continuous 80
MHz-bandwidth band is provided 1n the 3.5 GHz band as a
band available for wireless communication. Then, the 80
MHz-bandwidth band 1s divided into four, which are indi-
vidually defined as CC#2 to CC#5 each having a bandwidth
of 20 MHz.

The mobile station 300 1s able to, for example, use CC#2
and CC#3 as a frequency band of 40 MHz (logically a single
frequency band) by carrier aggregation. In this case, in reality,
the mobile station 300 uses a part of the continuous 80 MHz-

bandwidth band belonging to the 3.5 GHz band.

FIG. 6 1llustrates an example of spectrum aggregation.
According to the example of FIG. 6, a continuous 20 MHz-
bandwidth band 1s provided in the 2 GHz band as a band
available for wireless communication. In addition, a continu-
ous 80 MHz-bandwidth band 1s provided in the 3.5 GHz band
as a band available for wireless communication. Then,

besides the 20 MHz-bandwidth band in the 2 GHz band 1s
defined as CC#1, the 80 MHz-bandwidth band in the 3.5 GHz

band 1s divided into four, which are individually defined as
CC#2 to CC#5 each having a bandwidth of 20 MHz.

The mobile station 300 1s able to, for example, use CC#1 to
CC#5 as a frequency band of 100 MHz (logically a single
frequency band) by spectrum aggregation. In this case, 1n
reality, the mobile station 300 uses the 20 MHz-bandwidth
band belonging to the 2 GHz band and the continuous 80
MHz-bandwidth band belonging to the 3.5 GHz band. Note
that, as 1n the case of FIG. 4, CC#1 may be formed by
aggregating multiple bands which belong to the 2 GHz band
and each of which has a frequency width smaller than 20
MHz.

FIG. 7 illustrates a relationship between mobile stations
and component carriers. The mobile station 400 1s an LTE
mobile station, as mentioned above. Accordingly, the mobile
station 400 does not apply carrier aggregation or spectrum
aggregation, and performs data transmission and reception
using one of CC#1 to CC#5. That 1s, the mobile station 400

uses a frequency band with a bandwidth of up to 20 MHz.

On the other hand, the mobile station 300 1s an L'TE-A
mobile station. Accordingly, the mobile station 300 1s capable
ol performing data transmission and reception using multiple
CCs among CC#1 to CC#5 by applying carrier aggregation or
spectrum aggregation. That 1s, the mobile station 300 1s
capable of performing data transmission (uplink communi-
cation) using a frequency band with a bandwidth of 20 MHz
or 40 MHz. In addition, the mobile station 300 1s capable of
performing data reception (downlink communication) using

a frequency band with a bandwidth of 20 MHz, 40 MHz, 60
MHz, 80 MHz, or 100 MHz.

The base station 100 and the relay station 200 assign an 1D
to each CC 1n order to identity CC#1 to CC#5 1n the cells

under the management. The following methods, for example,
are concetrvable for assigning IDs.

1) Method of Assigning a Cell ID to Each CC

Generally, inan LTE system, one cell ID 1s assigned to each
cell (sector). On the other hand, five cell IDs are assigned to




US 8,855,660 B2

9

each cell. Then, the five cell IDs are associated with CC#1 to
CCH#5 so as to make each CC 1dentifiable.

2) Method of Assigning an Extended Cell ID to Each CC

Generally, in an LTE system, 504 cell IDs are prepared and
a mobile station 1dentifies individual neighboring cells using
cell IDs. Assigning five cell IDs to each cell may cause lack of
cell IDs inrelation to the design of the mobile communication
system. In that case, extended cell IDs whose total number 1s
larger than cell IDs defined 1n the LTE standard are defined,
and five extended cell IDs are assigned to each cell. Then, the
five extended cell IDs are associated with CC#1 to CC#5 so as
to make each CC i1dentifiable.

3) Method of Assigning, to Each CC, a Number Unique in
a Cell

Numbers unique at least within a cell are assigned to CC#1

to CC#5 as CC numbers. For example, with respect to each
cell, numbers <17, *27, “3”, “4” and *“5” are given to CC#1,

CC#H2, CC#H3, CCH4, and CCH#H3, respectively. Note that 1t 1s
suificient 11 the cell numbers are unique at least within the
cell, and numbers may be given to CCs of multiple cells. For
example, numbers may be given to CCs of multiple cells
managed by the same base station or relay station.

FIG. 8 illustrates a first example of assigning component
carrier identification information. The example of FIG. 8 1s a
case ol adopting the first or second method described above.
Cell IDs (or extended cell IDs) “1” to “5” are assigned to
CC#1 to CC#35 of a first cell managed by the base station 100.
Cell IDs (or extended cell IDs) “6” to “10” are assigned to
CC#1 to CC#5 of a second cell managed by the base station
100. Cell IDs (or extended cell IDs) “11” to *“15” are assigned
to CC#1 to CC#5 of a third cell managed by the base station
100. In addition, cell IDs (or extended cell 1Ds) “16” to “20”
are assigned to CC#1 to CC#5 of a cell managed by the relay
station 200.

FI1G. 9 1llustrates a second example of assigning the com-
ponent carrier identification information. The example of
FIG. 9 1s a case of adopting the third method described above.
Cell numbers “17 to “5” are assigned to CC#1 to CC#5 of the
first cell managed by the base station 100. Cell numbers “6”
to “10” are assigned to CC#1 to CC#5 of the second cell
managed by the base station 100. Cell numbers “117 to *“15”
are assigned to CC#1 to CC#5 of the third cell managed by the
base station 100. In addition, cell numbers “1” to “5” are
assigned to CC#1 to CC#5 of the cell managed by the relay
station 200.

FI1G. 10 illustrates a structural example of a radio frame. In
each of CC#1 to CCH#3, the radio frame as 1llustrated 1n FIG.
10 1s transmitted and recerved between the base station 100
and the mobile station 300/400, and between the relay station
200 and the mobile station 300/400. Note however that the
structure ol FI1G. 10 1s merely an example, and the structure of
a radio frame 1s not limited to this example.

According to the example, a radio frame having a cycle of
10 ms includes 10 subirames (Subirames #0 to #9) each
having a width of 1 ms. Each subirame includes two slots
cach having a width of 0.5 ms. That 1s, the 10 ms-cycle radio
frame mcludes 20 slots (Slot#0 to Slot#19).

In a DL radio frame, a Primary Synchronization CHannel
(P-SCH) and a Secondary Synchronization CHannel
(S-SCH) {for transmitting synchronization signals are

assigned to Slot#0 and Slot#10. In addition, a Physical Broad-
cast CHannel (PBCH) and an Extended Physical Broadcast
CHannel (E-PBCH) for transmitting (broadcasting) broad-
cast information are assigned to Slot#1.
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Wireless resources in the radio frame are managed by
being subdivided 1n the time and frequency directions.
OFDMA (Orthogonal Frequency Division Multiple Access)
1s used for DL frames, and SC-FDMA (Single-Carrier Fre-
quency Division Multiple Access) 1s used for UL frames.
Time and frequency wireless resources are assigned to each
channel.

Each slot includes 7 or 6 symbols 1n the time direction. In
a symbol, a signal called “CP (Cyclic Prefix)” i1s inserted.
There are two types of CPs, a normal CP and an extended CP
having a different length from each other. 7 symbols are
included 1n one slot 1n the case of a normal CP, and 6 symbols
are mcluded 1n one slot 1in the case of an extended CP. In the
frequency direction, a CC 1ncludes multiple subcarriers.

FIG. 11 1llustrates a first example of allocating an extended
physical broadcast channel. In FIG. 11, the vertical direction
represents a time axis and the horizontal direction represents
a frequency axis. In addition, the example of FIG. 11 1s a case
of using normal CPs, that 1s, a case where 7 symbols are
included in one slot.

In a DL frame, a PCFICH (Physical Control Format Indi-
cator CHannel) and a PHICH (Physical Hybrid automatic
repeat request Indicator CHannel) are assigned to the first

symbol of Slot#0. The PCIFH 1s a channel for transmitting
data indicating the number of symbols to which a Physical
Downlink Control CHannel (PDCCH) 1s assigned. The
PHICH 1s a channel for returning an ACK (ACKnowledge-
ment) response or a NACK (Negative ACKnowledgement)
response with regard to data reception. The PHICH may be
assigned to the third symbol.

In addition, the above-described PDCCH 1s assigned to the
first symbol of Slot#0. The PDCCH 1s a channel for transmiut-
ting L1/L.2 (Layer 1/Layer 2) control information. The
PDCCH may also be assigned to the second and third sym-
bols. The number of symbols for the PDCCH 1s variable
between 1 and 3.

Further, in Slot#0, the above-described S-SCH 1s assigned
to the sixth symbol, and the above-described P-SCH 1s
assigned to the seventh symbol. The P-SCH 1s a channel 1n
which one of a predetermined number (for example, 3) of
primary synchronization signal sequences 1s transmitted. The
S-SCH 1s a channel in which one of a predetermined number
(for example, 168) of secondary synchronization signal
sequences 1s transmitted. Combinations of the P-SCH
sequences and the S-SCH sequences (for example,
3x168=504 combinations) correspond to cell IDs.

In the case of adopting the first method described above as
a method of assigning IDs to CCs, that 1s, 1n the case of
assigning cell IDs different from each other to CC#1 to CC#3,
the P-SCH sequence and the S-SCH sequence vary from one
CC to another. Note that, as described above, the P-SCH and
S-SCH are also assigned to Slot#10. Note however that
although the P-SCH sequence transmitted i Slot#10 1s the
same as that transmitted 1n Slot#0, the S-SCH sequence trans-
mitted 1n Slot#10 1s different from that transmitted 1n Slot#0.

In addition, in Slot#1, the above-described PBCH 1s
assigned to the first to fourth symbols, and the above-de-
scribed E-PBCH 1s assigned to the fifth to seventh symbols. In
the wireless resource region, the E-PBCH 1s adjacent to the
PBCH 1n the time direction. The PBCH 1s a broadcast channel
commonly defined in LTE and LTE-A. The E-PBCH 1s a
broadcast channel added in LTE-A. That 1s, the mobile station
300, which 1s an LTE-A mobile station, 1s capable of detect-
ing both the PBCH and the E-PBCH. On the other hand, the
mobile station 400, which 1s an LTE mobile station, 1s able to
detect the PBCH but not the E-PBCH.
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Broadcast information transmitted through the PBCH
includes information to be used by the mobile station 300/400
to set up a connection to a CC 1n which the PBCH 1s provided.
For example, the broadcast information of the PBCH includes
information indicating a frequency bandwidth (for example,
5> MHz, 10 MHz, 15 MHz, or 20 MHz). This 1s because
frequency bandwidths are variable 1n LTE and LTE-A.

Broadcast information transmitted by the E-PBCH (ex-
tended broadcast information) may include information
related to multiple CCs having been configured. For example,
in order to facilitate scheduling, the base station 100 or the
relay station 200 may limit CCs available for LTE mobile
stations to set up a connection and CCs available for LTE-A
mobile stations to set up a connection. In that case, 1t 1s
represented that information indicating correspondence
between CC#1 to CC#5 and types of mobile stations 1s trans-
mitted by being included in the extended broadcast informa-
tion. With this, the mobile station 300 which 1s an LTE-A
mobile station 1s able to recognize connection-allowed CCs
before having access to the base station 100 or the relay
station 200. This sets up the connection processing more
elficient.

Conceivable methods for indicating correspondence
between CC#1 to CC#5 and types of mobile stations are, for
example: configuring CCs available for LTE-A mobile sta-
tions to set up a connection; configuring CCs not available for
LTE-A mobile stations to set up a connection; configuring
CCs available for LTE mobile stations to set up a connection;
and configuring CCs not available for LTE mobile station to
set up a connection. In the extended broadcast information,
IDs given to individual CCs may be used to identity the CCs.
Note however that the extended broadcast information 1s not
limited to information indicating correspondence between
CC#1 to CC#5 and types of mobile stations, and may 1nclude
various other types of information.

The S-SCH, P-SCH, PBCH and E-PBCH may be assigned
only to partial frequencies (subcarrier), as 1llustrated 1n FIG.
11, rather than being assigned to the entire frequencies (sub-
carrier) of one CC. For example, these channels are assigned
to frequencies near the center of the CC. The channel assign-
ment 1s made to frequencies near the center of the CC, not to
frequencies near the boundary of the CC, 1n order to facilitate
channel detection performed by the mobile station 300/400.
Frequencies assigned to the E-PBCH may be the same as, or
different from, those assigned to the PBCH.

In addition, 1n a DL frame, a Reference Signal (RS) which
1s a known pilot signal 1s transmitted using a part of resources
different from the wireless resources used for the above-
described channels. Using the RS, the mobile station 300/400
1s able to measure the received power and received quality.

FIG. 12 illustrates a second example of allocating the
extended physical broadcast channel. The allocating example
of FIG. 12 1s the same as the example illustrated 1n FIG. 11
except for the location in which the E-PBCH 1s set. According
to the example of FIG. 12, the E-PBCH 1s assigned to the
fourth and fifth symbols of Slot#0. In the wireless resource
region, the E-PBCH 1s adjacent to the S-SCH 1n the time
direction. Frequencies assigned to the E-PBCH may be the
same as, or different from, those assigned to the S-SCH.

FIG. 13 illustrates a third example of allocating the
extended physical broadcast channel. The allocating example
of FIG. 13 1s the same as the examples illustrated in FIGS. 11
and 12 except for the location 1n which the E-PBCH 1s set.
According to the example of FI1G. 13, the E-PBCH 1s assigned
to both the fourth and fifth symbols of Slot#0 and the fifth to
seventh symbols of Slot#1. In the wireless resource region,
the E-PBCH 1s adjacent to the S-SCH and the PBCH 1n the
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time direction. Subcarrier frequencies assigned to the
E-PBCH may be the same as, or different from, those
assigned to the S-SCH and the PBCH.

An increase 1n the amount of wireless resources assigned to

the E-PBCH 1n the above-described manner allows more

extended broadcast information to be transmitted. Wireless
resources assigned to the E-PBCH may be made variable
according to the amount of extended broadcast information to
be transmitted. In addition, as illustrated in FIGS. 11 to 13,
setting the E-PBCH adjacent to at least one of the synchro-
nization channel and the PBCH 1n the time direction facili-
tates the mobile station 300 to detect the E-PBCH. Note
however that the adjacency setting may be made not in the
time direction but in the frequency direction. In addition, the

E-PBCH may be set to be adjacent to none of the synchroni-
zation channel and the PBCH.

FIG. 14 illustrates a fourth example of allocating the
extended physical broadcast channel. The allocating example
of FIG. 14 1s the same as the examples illustrated in FIGS. 11
to 13 except for the location in which the E-PBCH 1s set.
According to the example of FI1G. 14, the E-PBCH 1s assigned
to the seventh symbol of Slot#1. In the wireless resource
region, the E-PBCH 1s not adjacent to the PBCH. Frequencies
assigned to the E-PBCH may be the same as, or different
from, those assigned to the PBCH.

FIG. 15 illustrates a fifth example of allocating the
extended physical broadcast channel. The allocating example
of FIG. 15 1s the same as the examples illustrated in FIGS. 11
to 14 except for the location in which the E-PBCH 1s set.
According to the example of FIG. 15, the E-PBCH 1s assigned
to the fourth symbol of Slot#0. In the wireless resource
region, the E-PBCH 1is not adjacent to the S-SCH. Frequen-
cies assigned to the E-PBCH may be the same as, or different
from, those assigned to the S-SCH.

FIG. 16 1illustrates a sixth example of allocating the
extended physical broadcast channel. The allocating example
of FIG. 16 1s the same as the examples illustrated 1n FIGS. 11
to 15 except for the location in which the E-PBCH 1s set.
According to the example of FIG. 16, the E-PBCH 1s assigned
to the sixth symbol of Slot#1. In the wireless resource region,
the E-PBCH 1s not adjacent to the PBCH. Frequencies
assigned to the E-PBCH may be the same as, or different
from, those assigned to the PBCH.

FIGS. 11 to 16 above take as an example the case of using
a normal CP as the CP (i.e., the case where 7 symbols are
included 1n one slot). However, also 1n the case of using an
extended CP as the CP (the case where 6 symbols are included
in one slot), the E-PBCH may be set based on similar consid-
crations. In that case, the E-PBCH 1s assigned to, for example,
the fifth and sixth symbols of Slot#1 1n the method of FI1G. 11;
the fourth symbol of Slot#0 in the method of FIG. 12; the
fourth symbol of Slot#0 and the fifth and sixth symbols of
Slot#1 1n the method of FIG. 13; and the sixth symbol of
Slot#1 1n the method of FI1G. 14.

FIG. 17 1s a block diagram 1illustrating a base station. The
base station 100 includes a transmitting and recerving antenna
111; a wireless reception umit 112; a demodulation and
decoding unit 113; a quality information extraction unit 114;
a scheduler 115; an RA control signal extraction unit 116; an
RA control umt 117; an RA control signal generation unit
118; a broadcast information generation unit 119; an
extended broadcast information generation unit 120; a con-
trol information generation unit 121; a synchronization signal
generation unit 122; an RS generation unit 123; a mapping
unmit 124; a coding and modulation unit 125; and a wireless
transmission unit 126.
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The transmitting and recerving antenna 111 receives wire-
less signals transmitted by the relay station 200 and the
mobile station 300/400 and outputs the wireless signals to the
wireless reception unit 112. In addition, the transmitting and
receiving antenna 111 outputs a transmission signal acquired
from the wireless transmission unit 126. Note that, instead of
the two-way transmitting and receiving antenna, a transmit-
ting antenna and a recerving antenna may be separately pro-
vided in the base station 100. In addition, diversity transmis-
sion may be employed using multiple transmitting and
receiving antennas.

The wireless reception unit 112 performs wireless signal
processing on a signal acquired from the transmitting and
receiving antenna 111 and converts the high-frequency wire-
less signal into a baseband signal as a low-frequency signal
(down-conversion). For the wireless signal processing, the
wireless reception unit 112 includes, for example, a Low
Noise Amplifier (LNA), a frequency converter, a Band Pass
Filter (BPF), an A/D (Analog to Digital) converter. Frequency
bands for reception are notified of by the scheduler 115.

The demodulation and decoding unit 113 demodulates and
error correction decodes the baseband signal acquired from
the wireless reception unit 112, and then outputs obtained
data (including user data and control information). The
demodulation and decoding are performed by methods cor-
responding to a predetermined Modulation and Coding
Scheme (MCS) or an MCS notified of by the scheduler 115.
Choices for the modulation scheme include digital modula-
tion schemes such as QPSK (Quadrature Phase Shift Keying)
and 16QAM (Quadrature Amplitude Modulation). Choices
for the coding scheme include turbo coding and Low Density
Parity Check (LDPC) coding. The extracted user data 1s con-
verted into packet format and then transierred to the upper-
level network.

The quality information extraction umt 114 extracts a wire-
less quality measurement report which 1s control information
transmitted by the mobile station 300/400. Subsequently, the
quality information extraction unit 114 outputs the extracted
measurement report to the scheduler 115.

The scheduler 1135 allocates wireless resources to the
mobile station 300/400 based on the measurement report
acquired from the quality information extraction unit 114.
Subsequently, the scheduler 115 notifies the wireless recep-
tion unit 112, the demodulation and decoding unit 113, the
R A control signal generation unit 118, the coding and modu-
lation unit 125, and the wireless transmission unit 126 of the
wireless resource allocation status. In addition, the scheduler
115 adaptively selects an MCS based on the measurement
report. Then, the scheduler 115 notifies the demodulation and
decoding unit 113 and the coding and modulation unit 125 of
the selected MCS.

The RA control signal extraction unit 116 extracts a control
signal transmitted by the mobile station 300/400 to the base
station 100 at the time of random access (RA). The random
access 1s a procedure performed between the mobile station
300/400 and the base station 100 when the mobile station
300/400 sets up a connection to the base station 100. The
control signal extracted by the RA control signal extraction
unit 116 includes a random access preamble signal transmit-
ted through a Physical Random Access CHannel (PRACH)
provided in a UL radio frame and a scheduled transmission
signal transmitted through a Physical Uplink Shared CHannel
(PUSCH).

The RA control unit 117 controls random access based on
the control signal extracted by the RA control signal extrac-
tion umt 116. Specifically, when a random access preamble
signal 1s detected, the RA control umt 117 determines
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whether a CC used for transmitting the signal corresponds to
the type of a source mobile station (LTE mobile station or
LTE-A mobile station), and decides whether to accept access
or not. Subsequently, the RA control unit 117 notifies the RA
control signal generation unit 118 ofthe decision. In addition,
when a scheduled transmission signal 1s properly detected,
the RA control unit 117 notifies the RA control signal gen-
eration unit 118 accordingly.

Based on the notification from the scheduler 115 and the
RA control unit 117, the RA control signal generation unit
118 generates a control signal to be transmitted to the mobile
station 300/400 at the time of random access. Specifically, the
RA control signal generation unit 118 generates, as a
response to the random access preamble signal, a random
access response signal indicating whether to accept the
access. In addition, the RA control signal generation unit 118
generates a contention resolution signal as a response to the
scheduled transmission signal.

The broadcast information generation unit 119 generates,
with respect to each CC, broadcast information to be trans-
mitted (broadcast) through the PBCH. The broadcast infor-
mation includes, for example, information imdicating a ire-
quency bandwidth of the corresponding CC. The extended
broadcast information generation unit 120 generates
extended broadcast information to be transmitted (broadcast)
through the E-PBCH. The extended broadcast information
includes information indicating correspondence between
CC#1 to CC#5 and the types of mobile stations. The control
information generation unit 121 generates L1/L2 control
information to be transmitted through the PDCCH. This con-
trol information 1ncludes, for example, information ndicat-
ing a result of UL wireless resource allocation and an MCS to
be applied. The synchronization signal generation unit 122
generates a P-SCH sequence and an S-SCH sequence with
respect to each CC. The RS generation unit 123 generates a
reference signal which 1s a known signal.

The mapping unit 124 maps, in a DL radio frame, user data
received from the upper-level network and control informa-
tion or control signals generated by the RA control signal
generation unit 118, the broadcast information generation
unmt 119, the extended broadcast information generation unit
120, the control information generation unit 121, the synchro-
nization signal generation unit 122, and the RS generation
umt 123. Then, the mapping unit 124 successively outputs the
mapped data to the coding and modulation unit 125.

The coding and modulation unit 125 performs error cor-
rection coding and modulation on the data acquired from the
mapping unit 124, and generates a baseband signal to be a
transmission signal and then outputs the baseband signal to
the wireless transmission unit 126. For the coding and modu-
lation, a predetermined MCS or an MCS notified of by the
scheduler 1135 1s used. Choices for the modulation scheme
include digital modulation schemes such as QPSK and
16QAM. Choices for the coding scheme include turbo coding
and LDPC coding.

The wireless transmission unit 126 performs wireless sig-
nal processing on the transmission signal acquired from the
coding and modulation unit 125 and converts the baseband
signal as a low-frequency signal into a high-frequency wire-
less signal (up-conversion). For the wireless signal process-
ing, the wireless transmission unit 126 includes, for example,
a D/A (Digital to Analog) converter, a frequency converter, a
BPF, and a power amplifier. Frequency bands for transmis-
s1on are notified of by the scheduler 115.

FIG. 18 1s a block diagram of a relay station. The relay
station 200 includes transmitting and receiving antennas 211
and 228; a wireless reception unit 212; a demodulation and




US 8,855,660 B2

15

decoding unit 213; a quality information extraction unit 214;
a scheduler 215; an RA control signal extraction unit 216; an
RA control umt 217; an RA control signal generation unit
218; a broadcast information generation unit 219; an
extended broadcast information generation unit 220; a con-
trol information generation unit 221; a synchronization signal
generation unit 222; an RS generation unit 223; a mapping
unit 224; a coding and modulation unit 225; a wireless trans-
mission unit 226; and a base station side communication unit
227.

Each of modules from the transmitting and recerving
antenna 211 to the wireless transmission unit 226 performs

similar processing to that of a module with the same name 1n
the base station 100 of FIG. 18. These modules perform

wireless communication processing between the relay station
200 and the mobile station 300/400.

The base station side communication unit 227 performs
wireless communication processing between the relay station
200 and the base station 100. The base station side commu-
nication unit 227 performs error correction coding, modula-
tion, and up-conversion on the user data (transmission data of
the mobile station 300/400) acquired from the demodulation
and decoding unit 213, and then outputs an obtained trans-
mission signal to the transmitting and recerving antenna 228.
In addition, the base station side communication unit 227
performs down-conversion, demodulation, and error correc-
tion decoding on a wireless signal acquired from the trans-
mitting and receiving antenna 228, and then outputs extracted
user data (transmission data of the base station 100) to the
mapping unit 224.

The transmitting and receirving antenna 228 receives a
wireless signal transmitted by the base station 100 and out-
puts the recerved signal to the base station side communica-
tion unit 227. In addition, the transmitting and receiving,
antenna 228 outputs a transmission signal acquired from the
base station side communication unit 227. Note that instead
of providing the transmitting and receiving antenna 211 and
the transmitting and recerving antenna 228 separately, a trans-
mitting and receiving antenna capable of performing wireless
communication with both the base station 100 and the mobile
station 300/400 1n parallel may be provided.

FIG. 19 1s a block diagram of a mobile station. The mobile
station 300 1ncludes a transmitting and recerving antenna 311;
a wireless reception unit 312; a demodulation and decoding
unit 313; a control information extraction unit 314; a broad-
cast information extraction unit 315; an extended broadcast
information extraction unit 316; a synchronization signal
extraction unit 317; a synchromization control unit 318; a
terminal control unit 319; an RS extraction umt 320; a quality
measuring umt 321; a quality information generation unit
322; a received power measuring unit 323; a cell selecting
unit 324; an RA control signal extraction unit 3235; an RA
control unit 326; an RA control signal generation unit 327; a
coding and modulation unit 328; and a wireless transmission
unit 329.

The transmitting and recerving antenna 311 receives wire-
less signals transmitted by the base station 100 and the relay
station 200, and then outputs the received signals to the wire-
less reception unit 312. In addition, the transmitting and
receiving antenna 311 outputs a transmission signal acquired
from the wireless transmission unit 329. Note that, instead of
the two-way transmitting and receiving antenna, a transmit-
ting antenna and a recerving antenna may be separately pro-
vided 1n the mobile station 300. In addition, diversity trans-
mission may be employed using multiple transmitting and
receiving antennas.
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The wireless reception unit 312 performs wireless signal
processing on a signal acquired from the transmitting and
receiving antenna 311 and converts the high-frequency wire-
less signal into a baseband signal as a low-frequency signal
(down-conversion). For the wireless signal processing, the
wireless reception unit 312 includes, for example, an LNA, a
frequency converter, a BPF, an A/D converter. Frequency
bands for reception are notified of by the terminal control unit
319.

The demodulation and decoding unit 313 demodulates and
error correction decodes the baseband signal acquired from
the wireless reception unit 312, and then outputs obtained
data (including user data and control information). The
demodulation and decoding are performed by methods cor-
responding to a predetermined MCS or an MCS notified of by
the terminal control unit 319.

The control information extraction unit 314 extracts L1/L.2
control information transmitted by the base station 100 or the
relay station 200 through the PDCCH. The control informa-
tion includes, for example, information indicating UL wire-
less resource allocation and an MCS to be applied. Then, the
control information extraction unit 314 outputs the extracted
control information to the terminal control unit 319.

The broadcast information extraction unit 315 extracts,
with respect to each CC, broadcast information broadcast by
the base station 100 or the relay station 200 through the
PBCH. The broadcast information includes, for example,
information indicating a frequency bandwidth of the CC 1n
which the broadcast information 1s transmitted. The broad-
cast information extraction umt 315 outputs the extracted
broadcast information to the terminal control unit 319.

The extended broadcast information extraction unit 316
extracts extended broadcast information broadcast by the

base station 100 or the relay station 200 through the E-PBCH.
The E-PBCH 1s provided to at least one CC. The extended

broadcast information includes information indicating corre-
spondence between CC#1 to CC#5 and types ol mobile sta-
tions. The extended broadcast information extraction unit 316
outputs the extracted extended broadcast information to the
synchronization control unit 318, the terminal control unit
319, the quality measuring unit 321, the received power mea-
suring unit 323, and the cell selecting unit 324.

The synchronization signal extraction unit 317 extracts,
with respect to each CC, synchronization signals (primary
and secondary synchromization signals) transmitted by the
base station 100 or the relay station 200 via the P-SCH and the
S-SCH. Then, the synchronization signal extraction unit 317
outputs the synchronization signals to the synchronization
control unit 318.

The synchronization control unit 318 detects a timing of
10-ms radio frame based on the synchronization signals
extracted by the synchronization signal extraction unit 317. In
addition, the synchronization control umit 318 detects a tim-
ing of 0.5-ms slot. Subsequently, the synchronization control
unit 318 notifies the wireless reception unit 312, the demodu-
lation and decoding unit 313, the RS extraction unit 320, the
coding and modulation unit 328, and the wireless transmis-
s1ion unit 329 of the detected radio frame and slot timings, and
performs feedback to the synchronization signal extraction
unit 317. In addition, the synchronization control unit 318
specifies P-SCH sequences and S-SCH sequences used by the
base station 100 or the relay station 200, and then specifies
cell IDs based on the combinations of the sequences. Subse-
quently, the synchronization control unit 318 notifies the cell
selecting unit 324 of the specified cell IDs.

The terminal control unit 319 determines CCs available for
LTE-A mobile stations by referring to the extended broadcast




US 8,855,660 B2

17

information extracted by the extended broadcast information
extraction unit 316. In addition, the terminal control unit 319
controls access to the base station 100 or the relay station 200
by referring to the broadcast information extracted by the
broadcast information extraction unit 315. In addition, the
terminal control unit 319 refers to the control information
extracted by the control information extraction unit 314 to
thereby determine wireless resources allocated to the mobile
station 300 as well as determine an applied MCS. Subse-
quently, the terminal control unit 319 controls operation of
the wireless reception unit 312, the demodulation and decod-
ing unit 313, the coding and modulation unit 328, and the
wireless transmission unit 329.

The RS extraction unit 320 extracts a reference signal
transmitted by the base station 100 or the relay station 200
based on the radio frame and slot timings detected by the
synchronization control unit 318. Then, the RS extraction unit
320 outputs the extracted reference signal to the quality mea-
suring unit 321 and the recerved power measuring unit 323.

Using the reference signal extracted by the RS extraction
unit 320, the quality measuring umt 321 measures reception
quality of the CCs available to LTE-A mobile stations, which
CCs are indicated by the extended broadcast information.
Reception quality of CCs not available for LTE-A mobile
stations need not be measured. Then, the quality measuring
unit 321 notifies the quality information generation unit 322
ol the measurement results. The quality measuring unit 321
teeds the measurement results to the RS extraction unit 320.
As an 1ndex 1indicating the reception quality, an SINR (Si1gnal
to Interference and Noise Ratio) may be used, for example.

The quality information generation unit 322 generates con-
trol information (measurement report) indicating the recep-
tion quality measured by the quality measuring unit 321. As a
measurement report, a CQI (Channel Quality Indication)
which expresses the reception quality using a discrete value
may be used, for example.

The recerved power measuring unit 323 measures recerved
power (recerving electric field intensity) of each of CC#1 to
CC#5 using the reference signal extracted by the RS extrac-
tion unit 320. In the case where at the time of the measure-

ment, CCs available for LTE-A mobile stations are notified of
based on the extended broadcast information extracted by the
extended broadcast information extraction unit 316, received
power of CCs not available for LTE-A mobile stations need
not be measured. Subsequently, the recetved power measur-
ing unit 323 noftifies the cell selecting unit 324 of the mea-
surement results.

The cell selecting unit 324 selects a cell to which the
mobile station 300 sets up a connection based on the cell 1Ds
of the neighboring cells specified by the synchronization
control umt 318 and the recerved power measured by the
received power measuring unit 323. Preferably, the cell
selecting unit 324 selects a cell having the highest received
power. In addition, the cell selecting unit 324 selects a CC to
be used for random access based on the extended broadcast
information extracted by the extended broadcast information
extraction unit 316 and the received power of each CC. Pret-
erably, the cell selecting unit 324 selects, among connection
available CCs, a CC having the highest received power. Sub-
sequently, the cell selecting umit 324 notifies the RA control
unit 326 of the connection cell and the CC to be used.

The RA control signal extraction unit 325 extracts a control
signal transmitted by the base station 100 or the relay station
200 through the PDSCH at the time of random access. The

control signal includes a random access response signal and a
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contention resolution signal. Then, the RA control signal
extraction umt 325 outputs the extracted control signal to the

RA control unit 326.

On recerving notification of the connection cell and the CC
to be used from the cell selecting unit 324, the R A control unit
326 instructs the RA control signal generation unit 327 to
transmit a random access preamble signal using the notified
CC. Further, the RA control unit 326 instructs the RA control
signal extraction unit 325 to extract a response control signal.
When the random access response signal 1s extracted by the
R A control signal extraction unit 325, the RA control unit 326
instructs the RA control signal generation unit 327 to transmiut

a scheduled transmission signal.

In response to the mnstruction from the RA control unit 326,
the RA control signal generation unit 327 generates the ran-
dom access preamble signal to be transmitted through the
PRACH. In addition, 1n response to the instruction from the
RA control unit 326, the RA control signal generation unit

327 generates the scheduled transmission signal to be trans-
mitted through the PUSCH.

The coding and modulation unit 328 performs error cor-
rection coding and modulation on the user data to be trans-
mitted to the base station 100 or the relay station 200, the
measurement report generated by the quality information
generation unit 322, and the control signal generated by the
RA control signal generation unit 327, and also maps these
items 1n UL wireless resources allocated to the mobile station
300. For the coding and modulation, a predetermined MCS or
an MCS notified of by the terminal control unit 319 1s used.
Subsequently, the coding and modulation unit 328 outputs, to
the wireless transmission unit 329, a baseband signal as a
transmission signal.

The wireless transmission unit 329 performs wireless sig-
nal processing on the transmission signal acquired from the
coding and modulation unit 328 and converts the baseband
signal as a low-frequency signal into a high-frequency wire-
less signal (up-conversion). For the wireless signal process-
ing, the wireless transmission unit 329 includes, for example,
a D/A converter, a frequency converter, a BPFE, and a power
amplifier. Frequency bands for transmission are notified of by
the terminal control unit 319.

FIG. 20 1s a sequence diagram illustrating a first example of
setting up a connection from a mobile station to a base station.
The sequence represents the case where the mobile station
300, which 1s an LTE-A mobile station, sets up a connection
to the base station 100. A similar sequence takes place in the
case where the mobile station 300 sets up a connection to the
relay station 200.

(Step S11) The base station 100 transmits synchromization
signals through the P-SCH and S-SCH of each of CC#1 to
CCH#5. In the case of using cell IDs as IDs of CC#1 to CC#3,
the base station 100 transmits different synchromization sig-
nals with respect to each CC. In addition, in the case of
managing multiple cells, the base station 100 transmits syn-
chronization signals with respect to each cell. In a similar
tashion, the relay station 200 transmits synchronization sig-
nals.

(Step S12) Based on the synchronization signals transmit-
ted by the base station 100, the mobile station 300 detects a
timing of radio frames with respect to each cell so as to be
synchronized with the base station 100. In the case where
timings of radio frames of CC#1 to CC#35 are synchronized
with each other, the mobile station 300 does not have to
perform the timing detection for all the CCs. In a similar
tashion, the mobile station 300 becomes synchromized with
the relay station 200.
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(Step S13) The base station 100 transmits a reference sig-
nal, which 1s a pilot signal, 1n each of CC#1 to CC#5. The
reference signals transmitted in CC#1 to CC#5 may be all the
same. In a similar fashion, the relay station 200 transmits
reference signals. 5

(Step S14) Based on the reference signals transmitted by
the base station 100, the mobile station 300 measures receirved
power from the base station 100 with respect to each cell. The
received power may be measured for one of the CCs or
multiple CCs. In the former case, a frequency band to be 10
measured may be determined 1n advance. In the latter case, a
maximum or average received power value of the multiple
CCs may be defined as the received power from the base
station 100. In a similar fashion, the mobile station 300 mea-
sures recerved power from the relay station 200. 15

(Step S15) Based on the received power measured 1n Step
S14, the mobile station 300 selects a cell to set up a connec-
tion. Preferably, the mobile station 300 selects a cell having
the highest recerved power. Assume here that the mobile
station 300 selects a cell managed by the base station 100. 20

(Step S16) The base station 100 transmits (broadcasts)
broadcast information through the PBCH of each of CC#1 to
CC#5. In addition, the base station 100 transmits (broadcasts)
extended broadcast information through the E-PBCH which
1s provided at least one of CC#1 to CC#5. 25

(Step S17) Based on the extended broadcast information
transmitted (broadcast) by the base station 100, the mobile
station 300 determines, among CC#1 to CC#5, one or more
CCs to which LTE-A mobile stations are able to set up a
connection. 30

(Step S18) Among the one or more CCs determined to be
available for LTE-A mobile stations 1n Step S17, the mobile
station 300 selects a CC to be used for random access. In the
case where there are multiple CCs, arbitrary one may be
selected, or one with the highest received power may be 35
selected.

Note that, in the sequence example of FIG. 20, a CC to be
used 1s selected after the selection of a cell to which the
mobile station 300 sets up a connection. However, the cell
selection and the CC selection may be performed at the same 40
time. For example, without narrowing down a cell, the mobile
station 300 may measure received power for all CCs of
detected neighboring cells and select, among the CCs, a CC
available for LTE-A mobile stations to set up a connection
and yielding the highest received power. In addition, before 45
the cell selection, the mobile station 300 may determine, with
respect to each neighboring cell, CCs available for LTE-A
mobile stations to set up a connection, and then measure
received power ol the CCs so as to select a CC having higher
received power. 50

(Step S19) The mobile station 300 checks informationto be
used for setting up a connection (for example, information
indicating a frequency bandwidth) to the CC selected 1in Step
S18, which information 1s included 1n broadcast information
corresponding to the selected CC. Subsequently, the mobile 55
station 300 transmits a random access preamble to the base
station 100 through the PRACH provided 1n the UL radio
frame of the selected CC.

(Step S20) In the case where the CC with which the random
access preamble 1s recerved 1s available for LTE-A mobile 60
stations to set up a connection and the base station 100 has
available wireless resources to accommodate the mobile sta-
tion 300, the base station 100 allows the mobile station 300 to
set up a connection. In the case of allowing the connection,
the base station 100 transmits a random access response mndi- 65
cating a connection setup permission through the PDSCH

provided in the DL radio frame of the CC with which the

20

random access preamble 1s recerved. At that point, the base
station 100 allocates, to the mobile station 300, UL wireless
resources to be used 1 Step S21.

(Step S21) In order to determine whether communication
1s normally performed, the mobile station 300 transmits
scheduled transmission, which 1s a predetermined message,
to the base station 100 using the UL wireless resources
(PUSCH) allocated 1n Step S20.

(Step S22) The base station 100 determines whether to
have correctly received the scheduled transmission. Subse-
quently, the base station 100 transmits, as a response mes-
sage, contention resolution indicating a reception result to the
mobile station 300 through the PDSCH.

As described above, by recerving and referring to the
extended broadcast information, the mobile station 300
which 1s an LTE-A mobile station 1s able to determine a CC
available for LTE-A mobile stations before making random
access. Accordingly, the mobile station 300 does not make an
attempt to set up a connection to CCs unavailable for LTE-A
mobile stations, which eliminates useless random access pro-
cedures. In addition, by preliminarily determining CCs avail-
able for LTE-A mobile stations, the mobile station 300 1s able
to narrow down CCs for the received power measurement,
which reduces the processing load of the mobile station 300.

On the other hand, the mobile station 400 which 1s an L'TE
mobile station 1s not able to refer to the extended broadcast
information. Accordingly, even in the case where the base
station 100 or the relay station 200 limits CCs available for
LTE mobile stations, the mobile station 400 1s not able to
determine, before making random access, which CC 1s avail-
able for LTE mobile stations. Theretore, the mobile station
400 may cause a random access failure.

FIG. 21 1s a sequence diagram illustrating a second
example of setting up a connection from a mobile station to a
base station. The sequence represents the case where the
mobile station 400, which 1s an LTE mobile station, sets up a
connection to the base station 100. A similar sequence takes
place 1 the case where the mobile station 400 sets up a
connection to the relay station 200.

(Step S31) The base station 100 transmits synchronization
signals through the P-SCH and S-SCH of each of CC#1 to
CC#5. In the case of using cell IDs as IDs of CC#1 to CC#3,
the base station 100 transmits different synchronization sig-
nals with respect to each CC. In addition, in the case of
managing multiple cells, the base station 100 transmits syn-
chronization signals with respect to each cell. In a similar
tashion, the relay station 200 transmits synchronization sig-
nals.

(Step S32) Based on the synchronization signal transmitted
by the base station 100, the mobile station 400 detects a
timing of radio frame with respect to each cell so as to be
synchronized with the base station 100. In the case where cell
IDs are used as IDs of the CCs, the mobile station 400 may
recognize CC#1 to CC#5 as cells (virtually) different from
each other. In a similar fashion, the mobile station 400
becomes synchronized with the relay station 200.

(Step S33) The base station 100 transmuits a reference sig-
nal, which 1s a pilot signal, 1n each of CC#1 to CC#5. In a
similar fashion, the relay station 200 transmuits reference sig-
nals.

(Step S34) Based on the reference signals transmitted by
the base station 100, the mobile station 400 measures recerved
power Irom the base station 100 with respect to each cell and
each CC. In a similar fashion, the mobile station 300 mea-
sures received power from the relay station 200.

(Step S335) Based on the recerved power measured 1n Step
S34, the mobile station 400 selects a cell to set up a connec-
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tion. Preferably, the mobile station 400 selects a cell having,
the highest received power. Assume here that the mobile
station 400 selects a cell managed by the base station 100.

(Step S36) The base station 100 transmits (broadcasts)
broadcast information through the PBCH of each of CC#1 to
CCH#H3.

(Step S37) Among CC#1 to CC#5 of the cell selected 1n
Step S35, the mobile station 400 selects a CC to be used for
random access. Among CC#1 to CC#5, an arbitrary one may
be selected, or one with the highest received power may be
selected. Note that 1n the case of recognizing CC#1 to CC#5
as cells (virtually) different from each other, the mobile sta-
tion 400 may perform the cell selection and CC selection at
the same time based on the recerved power of each of the CCs.

(Step S38) The mobile station 400 checks information to be
used for setting up a connection (for example, information
indicating a frequency bandwidth) to the CC selected 1in Step
S37, which information 1s included in broadcast information
corresponding to the selected CC. Subsequently, the mobile
station 400 transmits a random access preamble to the base
station 100 though the PRACH provided in the UL radio
frame of the selected CC. However, assume here that the
selected CC 1s a CC to which LTE mobile stations are unable
to set up a connection.

(Step S39) In the case where the CC with which the random
access preamble 1s recerved 1s not available for LTE mobile
stations to set up a connection, the base station 100 rejects the
connection. In the case of rejecting the connection, the base
station 100 transmits a random access response indicating
connection rejection through the PDSCH provided 1n the DL
radio frame of the CC with which the random access pre-
amble 1s recerved. Alternatively, the base station 100 does not
make a response to the random access preamble.

(Step S40) The mobile station 400 determines that the
random access 1s failed in the case of recerving a random
access response indicating a connection rejection or receiving
no response within a predetermined time period aiter trans-
mission of the random access preamble. Subsequently, the
mobile station 400 selects another CC of the cell, different
from one selected 1n Step S35.

(Step S41) The mobile station 400 checks information to be
used for setting up a connection to the CC selected 1n Step
S40, which information 1s included 1n broadcast information
corresponding to the selected CC. Subsequently, the mobile
station 400 transmits a random access preamble to the base
station 100 through the PRACH provided in the UL radio
trame of the selected CC. Assume here that the selected CC s
a CC to which LTE mobile stations are able to set up a
connection.

(Step S42) In the case where the CC with which the random
access preamble 1s recerved 1s available for LTE mobile sta-
tions to set up a connection and the base station 100 has
available wireless resources to accommodate the mobile sta-
tion 400, the base station 100 allows the mobile station 400 to
set up a connection. In the case of allowing the connection,
the base station 100 transmits a random access response indi-
cating a connection setup permission through the PDSCH
provided 1n the DL radio frame of the CC with which the
random access preamble 1s recerved. At that point, the base
station 100 allocates, to the mobile station 400, UL wireless
resources to be used 1 Step S43.

(Step S43) In order to determine whether communication
1s correctly performed, the mobile station 400 transmits
scheduled transmission to the base station 100 using the UL
wireless resources (PUSCH) allocated 1n Step S42.

(Step S44) The base station 100 determines whether to
have correctly received the scheduled transmission. Subse-
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quently, the base station 100 transmits, as a response mes-
sage, contention resolution indicating a reception result to the
mobile station 400 through the PDSCH.

As described above, the mobile station 400 which 1s an
LTE mobile station cannot determine CCs available for LTE
mobile stations before making random access since being
unable to refer to the extended broadcast information.
Accordingly, the mobile station 400 may cause a random
access failure. In addition, since being unable to determine
CCs available for LTE mobile stations, the mobile station 400
1s not able to narrow down CCs for the recerved power mea-
surement 1n advance.

Next described 1s the relationship between CC#1 to CC#5
and the E-PBCH.

FIG. 22 illustrates a first example of transmission and
reception ol extended broadcast information. According to
the example of FIG. 22, the base station 100 or the relay
station 200 performs control in such a manner as to allow LTE
mobile stations to use CC#1 to CC#3 and allow LTE-A
mobile stations to use CC#4 and CCH#3.

In addition, the base station 100 or the relay station 200
provides the PBCH and the E-PBCH ifor each of CC#1 to
CC#5. Through the PBCH of each CC, broadcast information
including information to be used for setting up a connection to
the CC 1s transmitted. The broadcast information transmitted
through the PBCH may be different among CCs. Through
each E-PBCH, extended broadcast information which
includes information indicating the relationship between
CC#1 to CC#5 and types of mobile stations 1s transmitted.
The extended broadcast information transmitted through the
E-PBCH may be the same among all the CCs.

In this case, the mobile station 300 which 1s an L'TE-A
mobile station recerves the extended broadcast information
transmitted through the E-PBCH of one of CC#1 to CC#5.
From the recerved extended broadcast information, the
mobile station 300 recognizes that CC#4 and CC#35 are avail-
able for LTE-A mobile stations. Subsequently, the mobile
station 300 selects one of CC#4 and CC#5 as a CC to be used
for random access. The mobile station 300 may make a selec-
tion between CC#4 and CC#5 based on results of the recerved
power measurements. According to the example of FIG. 22,
the mobile station 300 selects CC#4 by referring to the
extended broadcast information broadcast in CC#4.

After selecting CC#4 as a CC for random access, the
mobile station 300 refers to the broadcast information trans-
mitted through the PBCH of CC#4 and transmits a random
access preamble through the PRACH provided 1n the UL
radio frame of CC#4. This starts a random access procedure
between the base station 100 or the relay station 200 and the
mobile station 300. Thus, according to the example of FIG.
22, the E-PBCH 1s provided for each of all the CCs, and
therefore, the mobile station 300 is able to recognize CCs
available for LTE-A mobile stations by referring to one arbi-
trary CC.

Note that, since being an LTE-A mobile station, the mobile
station 300 1s able to use CC#4 and CC#5 1n aggregation for
data transmission and reception. In that case also, the mobile
station 300 performs the random access procedures by, first,
using one CC (CC#H4). Subsequently, once a connection
between the base station 100 or the relay station 200 and the
mobile station 300 1s established, the mobile station 300 1s
able to use another CC (CC#5) available for LTE-A mobile
stations under the control of the base station 100 or the relay
station 200.

In addition, the base station 100 or the relay station 200
may dynamically change, among CC#1 to CC#5, CCs avail-
able for LTE-A mobile stations according to the communica-
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tion situation. In that case, the base station 100 or the relay
station 200 dynamically changes contents of the extended
broadcast information which 1s transmitted through the
E-PBCH.

FI1G. 23 1llustrates a second example of transmission and
reception of the extended broadcast information. According
to the example of FIG. 23, the base station 100 or the relay
station 200 provides the PBCH for each of CC#1 to CC#5 and
provides the E-PBCH only for CC#4 and CC#5, which are
available for LTE-A mobile stations. Through the PBCH of
cach CC, broadcast information including information to be
used for setting up a connection to the CC 1s transmitted.
Through the E-PBCH of CC#4 and CC#3, extended broad-
cast information which includes information indicating the
relationship between CC#1 to CC#S and types of mobile
stations 1s transmuitted.

In this case, the mobile station 300 which 1s an LTE-A
mobile station recerves the extended broadcast information
transmitted through the E-PBCH of one of CC#4 and CC#5.
From the received extended broadcast information, the
mobile station 300 recognizes that CC#4 and CC#35 are avail-
able for LTE-A mobile stations. Subsequently, the mobile
station 300 selects one of CCH4 and CC#5 as a CC to be used
for random access. Thus, according to the example of FIG.
23, it 1s possible to save wireless resources since the E-PBCH
1s provided only for CCs available for LTE-A mobile stations.

Note that 11 1t 1s predetermined that the E-PBCH 1s pro-
vided only for CCs available for LTE-A mobile stations, the
mobile station 300 1s able to determine that CCs in which the
E-PBCH 1s detected are available for LTE-A mobile stations.
In that case, the extended broadcast information transmitted
through the E-PBCH of CC#4 and CC#5 does not have to
include information regarding other CCs.

In addition, the base station 100 or the relay station 200
may provide the E-PBCH for only one of CC#4 and CC#5.
That 1s, the E-PBCH may be provided for at least one of CCs
available for LTE-A mobile stations. In addition, a CC in
which the E-PBCH 1s provided may be referred to as a pri-
mary CC or a primary band, and other CCs may be referred to
as extended CCs or extended bands.

FIG. 24 illustrates a third example of transmission and
reception of the extended broadcast information. According
to the example of FIG. 24, the base station 100 or the relay
station 200 provides the PBCH for each of CC#1 to CC#5 and
provides the E-PBCH only for CC#3 which is located 1n the
center of CC#1 to CC#5 on the frequency axis. Through the
PBCH of each CC, broadcast information including informa-
tion to be used for setting up a connection to the CC 1s
transmitted. Through the E-PBCH, extended broadcast infor-
mation which includes mformation indicating the relation-
ship between CC#1 to CC#5 and types of mobile stations 1s
transmitted.

In this case, the mobile station 300 which 1s an LTE-A
mobile station receives the extended broadcast information
transmitted through the E-PBCH of CC#3. From the received
extended broadcast information, the mobile station 300 rec-
ognmizes that CC#4 and CC#5 are available for LTE-A mobile
stations. Subsequently, the mobile station 300 selects one of
CC#4 and CC#5 as a CC to be used for random access. Thus,
according to the example of FIG. 24, it 1s possible to save
wireless resources since the E-PBCH 1s provided only for a
predetermined CC. In addition, the mobile station 300 needs
to refer only to the predetermined CC (for example, a CC
located 1n the center of CC#1 to CC#5 on the frequency axis).
Accordingly, this simplifies the processing of the mobile sta-
tion 300 and reduces the processing load of the mobile station
300.
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According to the mobile communication system of the
second embodiment described above, the base station 100
and the relay station 200 are able to control connection-
allowed CCs according to types of mobile stations. Therefore,
this facilitates scheduling in an environment where both
LTE-A mobile stations and LTE mobile stations are present.
In addition, this enables easy allocation of broadband wire-
less resources to LTE-A mobile stations.

In addition, by referring to the extended broadcast infor-
mation, an LUTE-A mobile station 1s able to recognize avail-
able CCs before setting up a connection to the base station
100 or the relay station 200. Accordingly, even 1n the case
where connection-available CCs are limited according to the
types ol mobile stations, the connection process 1s performed
smoothly. In addition, the LTE-A mobile station 1s able to
narrow down CCs for the received power measurements car-
ried out at the time of the cell selection and CC selection,
which reduces the processing load. In addition, the process-
ing time for the cell selection (including a handover period)
can be shortened.

Assume here that, for example, an LTE-A mobile station
has detected three neighboring cells and, 1n each cell, two out
of five CCs have been allocated to LTE-A mobile stations. In
this case, 1n order to select a CC having the highest received
power without referring to the extended broadcast informa-
tion, recerved power needs to be measured for 15 CCs, which
1s obtained by multiplying 5 CCs by 3 neighboring cells. On
the other hand, 1f CCs not available for LTE-A mobile stations
are eliminated by reference to the extended broadcast infor-
mation, recerved power needs to be measured only for 6 CCs,
which 1s obtained by multiplying 2 CCs by 3 neighboring
cells. That 1s, the processing of the LTE-A mobile station 1s
reduced to about two-fifth.

It 15 clear that the extended broadcast channel may be used
to transmit not only the information indicating the correspon-
dence between multiple CCs and types of mobile stations but
also various information required to be broadcast to LTE-A
mobile stations. In addition, a new broadcast channel not
defined in the LTE may be referred to as a name other than the
“extended broadcast channel”. For example, one of the con-
ventional broadcast channel and the extended broadcast
channel may be referred to as a first broadcast channel, and
the other may be referred to as a second broadcast channel.

According to the above-described mobile communications
system, wireless communication apparatus, mobile commu-
nications apparatus, and wireless commumnication method, 1t
1s possible to elliciently achieve commumnication control 1n
consideration of the existence of multiple types of mobile
stations.

All examples and conditional language provided herein are
intended for pedagogical purposes of aiding the reader in
understanding the mvention and the concepts contributed by
the inventor to further the art, and are not to be construed as
limitation to such specifically recited examples and condi-
tions, nor does the organization of such examples i the
specification relate to a showing of the superiority and infe-
riority of the mmvention. Although one or more embodiments
of the present invention have been described 1n detail, 1t
should be understood that various changes, substitutions, and
alterations could be made hereto without departing from the
spirit and scope of the invention.

What 1s claimed 1s:

1. A mobile communications system comprising:

a wireless communication apparatus including:

a generation unit configured to generate first broadcast
information which 1s used for communicating with a
first-type mobile station and a second-type mobile
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station, and generate second broadcast imnformation
which 1s used for communicating with the second-
type mobile station, the first-type mobile station per-
forming communication based on a communication
specification, the second-type mobile station per-
forming communication based on another communi-
cation specification; and

a transmission umt configured to broadcast the first
broadcast information through a first physical broad-
cast channel and broadcast the second broadcast
information through a second physical broadcast
channel; and

a mobile communications apparatus operating as the sec-
ond-type mobile station and 1ncluding;

a reception unit configured to receive the first broadcast
information broadcasted through the first physical
broadcast channel and the second broadcast informa-
tion broadcasted through the second physical broad-
cast channel; and

a control unit configured to control communication with
the wireless communication apparatus using the
recerved first and second broadcast information.

2. The mobile communications system according to claim

1. wherein

the second broadcast information includes information
indicating a relationship between a plurality of fre-
quency bands used by the wireless communication
apparatus for wireless communication and types of
mobile stations, and

based on the second broadcast information, the control unit

determines, among the plurality of frequency bands, a

frequency band available for the second-type mobile

station.
3. The mobile communications system according to claim
2, wherein the second broadcast information indicates the
relationship between the plurality of frequency bands and the
types of mobile stations using 1dentification information for
identifying each of the plurality of frequency bands.
4. The mobile communications system according to claim
3, wherein the identification information 1s cell identification
information assigned to each of the plurality of frequency
bands or unique numbers within a single cell.
5. The mobile communications system according to claim
1, wherein the transmission unit sets the first physical broad-
cast channel in each of the plurality of frequency bands used
by the wireless communication apparatus for wireless com-
munication, and sets the second physical broadcast channel in
at least one of the plurality of frequency bands.
6. The mobile communications system according to claim
5, wherein the transmission unit sets the second physical
broadcast channel in, among the plurality of frequency bands,
a Ifrequency band available for the second-type mobile sta-
tion.
7. The mobile communications system according to claim
1, wherein the second physical broadcast channel 1s set 1n a
wireless resource adjacent to the first physical broadcast
channel 1n terms of at least one of frequency and time.
8. The mobile communications system according to claim
1, wherein the second physical broadcast channel 1s set 1n a
wireless resource adjacent to a synchronization channel used
to transmit a synchronization signal, in terms of at least one of
frequency and time.
9. The mobile communications system according to claim
1. wherein
the second broadcast information includes information
indicating a frequency band used by the second-type
mobile station, and
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based on the second broadcast information, the control unit
determines a frequency band available for the second-

type mobile station among a plurality of frequency
bands.

10. The mobile communications system according to claim
1, wherein the transmission unit sets the first physical broad-
cast channel 1n at least one of a plurality of frequency bands
used by the wireless communication apparatus for wireless
communication, and sets the second physical broadcast chan-
nel 1n at least one of the plurality of frequency bands.

11. The mobile commumnications system according to claim
10, wherein the transmission unit sets the second physical
broadcast channel in, among the plurality of frequency bands,
a Irequency band available for the second-type mobile sta-
tion.

12. A wireless communication apparatus comprising:

a generation unit configured to generate first broadcast
information which 1s used for communicating with a
first-type mobile station and a second-type mobile sta-
tion, and generate second broadcast information which
1s used for communicating with the second-type mobile
station, the first-type mobile station performing commu-
nication based on a communication specification, the
second-type mobile station performing communication
based on another communication specification; and

a transmission unit configured to broadcast the first broad-
cast information through a first physical broadcast chan-
nel and broadcast the second broadcast information
through a second physical broadcast channel.

13. A mobile communications apparatus comprising;:

a reception unmt configured to receive, through a first physi-
cal broadcast channel from a wireless communication
apparatus capable of performing wireless communica-
tion with a first-type mobile station and a second-type
mobile station, first broadcast information which i1s
broadcasted and used for communicating with the first-
type mobile station and the second-type mobile station,
and to receive, through a second physical broadcast
channel from the wireless communication apparatus,
second broadcast information which 1s broadcasted and
used for communicating with the second-type mobile
station, the first-type mobile station performing commu-
nication based on a communication specification, the
second-type mobile station performing communication
based on another communication specification; and

a control unit configured to control communication with
the wireless communication apparatus using the
recerved first and second broadcast information,

wherein the mobile communications apparatus operates as
the second-type mobile station.

14. A wireless communication method executed by a
mobile communications system which includes a wireless
communication apparatus and a mobile communications
apparatus, the wireless communication method comprising:

generating, by the wireless communication apparatus, first
broadcast information which 1s used for communicating
with a first-type mobile station and a second-type mobile
station, and generating second broadcast information
which 1s used for communicating with the second-type
mobile station, the first-type mobile station performing
communication based on a communication specifica-
tion, the second-type mobile station performing com-
munication based on another communication specifica-
tion;

broadcasting, by the wireless communication apparatus,
the first broadcast information through a first physical
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broadcast channel and broadcasting the second broad-
cast mnformation through a second physical broadcast
channel;

receiving, by the mobile communication apparatus operat-
ing as the second-type mobile station, the first broadcast
information broadcasted through the first physical
broadcast channel and the second broadcast information
broadcasted through the second physical broadcast
channel; and

controlling, by the mobile communications apparatus,
communication with the wireless communication appa-
ratus using the recerved first and second broadcast infor-
mation.
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